Protein design and analytics
Protein construct variants were designed in silico with CAD program PyMol (The PyMOL Molecular Graphics System, Version 2.0 Schrödinger, LLC) and DNA vectors were cloned in silico with Geneious (Geneious 7.1.7 (https://www.geneious.com)). cfGFPhs1-RM(134Sahc) with 1 Sahc at position D134M without histidine tag: 5.0 ml, 9.20 mg mL -1 (50 mM NaH2PO4, 300 mM NaCl, 20% glycerol). Incorporation estimation by integrated mass curve: 86%. cfG2Sahc with 2 Sahc at positions D134M and E143M without histidine tag: 5.5 ml, 10.1 mg mL -1 (50 mM NaH2PO4, 300 mM NaCl, 20% glycerol). Estimation of overall Met to Sahc substitution by integration of peaks: 71%. It should be noted that it is difficult to accurately assess the occupancy (i.e., the degree of Metto-Sahc replacement) for each particular side chain because the SPI as substitution method works in a statistical fashion.
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Figure S9. SDS-PAGE analysis gel of all stages of expression and purification cfGFPhs1-RM (134Sahc:143Sahc). M: Marker
Prestained Protein Ladder, Thermo Scientific™; ni: non induced sample before expression; i: induced sample after expression; lys: lysate (soluble); pel: pellet (insoluble); ft: flow through; wa: first wash with NB Ni-NTA column; el: eluate Ni-NTA column; fin: final protein fraction used for analyses and reactions.
cfGFPhs1-RM(1Sahc:134Sahc:143Sahc) -(mutant with N-terminal Met and two Met
residues at the internal positions in protein sequence ("triple Met-mutant")) with 3 Sahc at positions M1, D134M, E143M with histidine tag: 2 ml, 0.66 mg mL -1 (50 mM NaH2PO4, 300 mM NaCl, 20% glycerol). Estimation of overall Met to Sahc substitution by integration of peaks: 71%. Here is also the difficulty to note to accurately assess the occupancy (i.e., the degree of Met-toSahc replacement) for each particular side chain because the SPI as substitution method works in a statistical fashion. Figure S12 . SDS-PAGE analysis gel of all stages of expression and purification of cfGFPhs1-RM(1Sahc:134Sahc:143Sahc). M: Marker Prestained Protein Ladder, Thermo Scientific™; ni: non induced sample before expression; i: induced sample after expression; lys: lysate (soluble); pel: pellet (insoluble); ft: flow through; wa: first wash with NB Ni-NTA column; el: eluate Ni-NTA column; fin: final protein fraction used for analyses and reactions.
SDS-PAGE-gel
Syntheses of small ligands and precursors
2-Acetamido-2-deoxy-β-D-galactopyranosyl-1-thiol (GalNAc) 7:
Figure S13. Structure of GalNAc 7.
Synthesis by Sebastian Köhling [1] .
O-acetyl-l-homocysteine (Oahc) 2:
Figure S14. One-step reaction of L-homoserine 1 to Oahc 2.
To a round bottomed flask containing a mixture of glacial acetic acid (99.9%, 17.8 mL) and perchloric acid (70%, 927 μL, 10.75 mmol, 1.28 eq.), was added the L-homoserine (1.0 g, 8.39 mmol, 1.0 eq.). While cooling the mixture to 17 °C, acetic anhydride (3.53 mL, 37.37 mmol, 4.45 eq.) was added carefully under stirring.
The stirring was ceased for 90 min at room temperature. The reaction was then quenched by adding water (700 μL, 40.00 mmol) and stirred for another hour. Unreacted perchloric acid was decomposed by adding amyl amine (1.5 mL, 12.90 mmol). To the resulting mixture was added diethyl ether (200 mL) and kept at 4 °C overnight. The resulting precipitate was filtered off and the crude product (1.65 g) was dissolved in water (10 mL) and ethanol (70 mL). After standing overnight at 4°C a second precipitate was obtained. 
Ethyl-N-phenyl-P-ethynyl phosphonamidate 15
Figure S15. Structure of phenyl phosphonamidate (PP) 15.
The compound 15 was synthesised according to the general procedure from 1.45 ml diethyl chlorophosphite (10.07 mmol) and 1.00 g phenyl azide (8.39 mmol). 
Generation of Pd(TPPTS)4
3,3′,3″-Phosphanetriyltris(benzenesulfonic acid) trisodium salt (TPPTS) (6 eq., 15.2 mg, 26.8 μmol) was dissolved in 250 μl of PBS pH 7.4. Palladium(II) acetate (1.0 mg, 4.45 μmol) was added to generate the pale brown 17.8 mM Pd(TPPTS)4. 
Deallylation reactions of cfG1Sahc 5 with Pd(TPPTS) catalyst
Deallylation reactions of cfG2Sahc 6 with Pd(TPPTS) catalyst
Figure 18. Deallylation reaction of cfGFPhs1-RM(134Sahc:143Sahc). cfG2Sahc 6 was allowed to react to cfGFPhs1-RM(2hc) 13.
To cfG2Sahc 6 (1.78 nmol) in 36.3 µl PBS pH 7.4 was added the previous solution of Pd(TPPTS)4 (17.8 mM).
The deprotection was carried out with either 10 eq. (17.8 nmol, 0.1 µl) or 100 eq. (178 nmol, 1 µl) of Pd(TPPTS)4. The mixtures were shaken at 37 °C overnight. Next a large excess of Dithiothreitol (DTT) (1000 eq., 1.78 μmol, 274 μg) was added and the solution was kept at 37 °C for 20 min, w/up. Full deprotection could be achieved with 100 eq. Pd(TPPTS)4. The product cfGFPhs1-RM(2hC) 13 was analysed by ESI QToF MS. Calculated MW: 26627 Da; Detected MW: 26626 Da.
